The ability to characterize and quantify anisotropic distributions of organic molecules at nanoparticle interfaces is a longstanding challenge in the realization and design of functional coatings, monodisperse synthesis, and colloidal assembly [1] . Here, we show that by using electron energy loss spectroscopy (EELS) spectral imaging on graphene substrates in an aberration-corrected scanning transmission electron microscope (STEM), we can directly visualize and quantify molecular distributions on gold nanorods (AuNRs). By contrasting the average distributions of two organic ligands across dozens of nanoparticles, we find that (16-mercaptohexadecyl)trimethylammonium bromide (MTAB) forms a uniform coating, while the distribution of cetyltrimethylammonium bromide (CTAB) his highly anisotropic. On average, CTAB binding density is reduced on the ends of gold nanorods, consistent with the higher reactivity of the nanorod ends reported in the literature [2] . Our results demonstrate the potential of our methods to directly probe local molecular distributions at soft-hard interfaces in order to understand nanoscale variations in the growth and reactivity of colloidal nanocrystals.
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We focus our analysis on two systems: CTAB-coated AuNRs, which are important for applications in plasmonics, diagnostics, and therapeutics, and serve as a model system for understanding structural and functional anisotropy in colloidal nanostructures [3] , and MTAB-coated mini-AuNRs, which have applications in nanomedicine due to their biocompatibility and efficient cellular uptake [4] . We spraydeposit our nanoparticles onto graphene supports and use EELS spectrum imaging to map the molecular shell. The advantage of using a graphene support is twofold: it provides an ultra-low background that maximizes contrast of low-Z elements [5] , and it has been shown to increase dose resistance as a result of its high thermal and electrical conductivity [6] . Figure 1 shows an annular-dark field (ADF) STEM image of two gold nanoparticles with the corresponding carbon and nitrogen elemental maps. These EELS maps show the CTAB (C19H42BrN) shell surrounding the rods (Figure 1b, c) . We used quantitative EELS of the C-K edge to quantify the molecular distributions of CTAB and MTAB, using the graphene support as a calibration. Our maps show that the while the MTAB distribution is fairly uniform, the CTAB distribution is highly anisotropic, with on average a 50% drop in carbon density at the poles of the particle.
Using our EELS maps, we calculated the local binding density for each particle to produce a population average distribution of surface molecules. Figure 2a shows the resulting CTAB binding density profiles for 5 nanorods for each quarter of the particle (dots) along with the mean value for each position (black line). Because the nanorods are nominally symmetric across their vertical and horizontal axes, we plot all the unique data on the right half of the graph (positive position values); we then mirror the data across x=0 as a guide to the eye. The data show that the CTAB binding density decreases to a minimum at the poles of the nanorods, where it is roughly half of the mean value (0.50 +/-0.25). We applied the same experimental process and analysis to MTAB-coated mini gold nanorods (Figure 2b ) and observe no
